Culture-independent diagnostic techniques are increasingly used in clinical laboratories. They have improved turnaround times and are generally more sensitive than culture.
important ancillary information about the likelihood of clinical infection, such as the presence, nature and differential of inflammatory cells in a specimen. Microscopy can also be highly specific for some infections, and it is the diagnostic gold standard for detecting parasitic pathogens of the blood (e.g. malaria) or gastrointestinal tract (e.g. giardiasis).
Microscopy has several clear drawbacks. Even for parasitic enteropathogens the sensitivity of a single specimen is poor, 1 and for most common bacterial and fungal infections it is neither sensitive nor specific.
Microscopy is labour intensive and requires highly skilled scientists for optimal diagnostic performance. For most pathogens, microscopy is best used as an adjunct to traditional culture or molecular methods.
Immunoassays
Immunoassays use antibodies to detect either antibody or antigen in a patient's sample (usually serum but also nasopharyngeal swabs, throat swabs and urine).
Introduction
Traditional methods for diagnosing infection have relied largely on clinical microbiology laboratories selecting, isolating and then identifying pathogenic organisms via culture. This can be very time consuming. For some fastidious or slow-growing organisms, the delay to definitive microbiological diagnosis can stretch to weeks, while some organisms cannot be cultured at all. Other drawbacks with culture methods include problems with sensitivity, cost (resource intensive) and potential safety concerns with pathogenic organisms such as Mycobacterium tuberculosis or Coxiella burnetii (the causative organism of Q fever).
Non-culture-based diagnostic methods (see Table) can have significant advantages over traditional culture methods. For example, nucleic acid amplification testing has drastically reduced turnaround times for many routine diagnostic tests and enabled high throughput testing for multiple organisms, many of which were previously very difficult to diagnose. However, rapid changes in this area make it difficult for practitioners to keep abreast of available methods.
Microscopy
Light microscopy is the oldest non-culture-based diagnostic method in microbiology. Its use can be enhanced using various staining techniques. For example, calcofluor white is used to detect fungal hyphae of dermatophytes that may take up to three weeks to culture. Despite being challenged by recent advances in molecular techniques, microscopy remains a central tool in laboratories. It is relatively cheap and results can be generated within minutes of receiving a sample. Microscopy can also provide VOLUME 39 : NUMBER 5 : OCTOBER 2016 Leptospirosis l ü û l Leptospira can be cultured, but requires direct inoculation from blood into special media.
Viral exanthems
Parvovirus, measles, mumps, rubella û ü û ü
NAAT is useful for measles (urine and blood), mumps (buccal swab) and rubella (pharyngeal swab).
Fever in the returned traveller
Culture is the mainstay of diagnosis. Serology can be of some use in retrospective diagnosis.
NAAT nucleic acid amplification testing PCR polymerase chain reaction ü routine use l useful in special circumstances û not routine use or unavailable VOLUME 39 : NUMBER 5 : OCTOBER 2016
Non-culture methods for detecting infection
Combined immunoassay tests
The drawbacks of using antigen or antibody assays in isolation can be overcome by combining them. Assays that include both antigen and antibody, such as dengue virus NS1 antigen with IgM/IgG, or HIV antigen/antibody screening testing, offer reduced diagnostic window periods and enhanced sensitivity and specificity. Dengue NS1 antigen detection (Fig.) in particular has allowed rapid confirmation of dengue with the ability to initiate public health interventions earlier. Its sensitivity equates to that of a polymerase chain reaction (PCR) test for dengue in the first week of illness. Waning immunity and reinfection commonly occur with Bordetella pertussis, which causes whooping cough. The detection of IgG specific for B. pertussis toxin greater than 100 IU/mL is suggestive of acute infection, and in older children and adults this may be supported by the presence of IgA to B. pertussis toxin.
Nucleic acid amplification testing
Infections for which serology remains the mainstay of diagnosis in general practice include syphilis, Epstein-Barr virus, cytomegalovirus, toxoplasmosis, parvovirus, Barmah Forest virus, Ross River virus, dengue, chikungunya and Zika virus. Historically, detection of polyclonal antibody (Monospot test) has been used to diagnose acute glandular fever. It lacks sensitivity and specificity and has generally been replaced by the detection of specific IgM/IgG to Epstein-Barr virus capsid antigen in combination with the absence of IgG to nuclear antigen which develops six weeks to three months after acute infection and remains positive lifelong.
Testing for microbial antigens
An antigen is a component of a pathogen that stimulates an immune response. Immunoassays can measure this in various sample types. Many of these tests are in current use, including urinary antigen tests for Streptococcus pneumoniae and Legionella pneumophila serogroup 1. These are useful to identify the causative organism of acute community-acquired pneumonia, and the group A streptococcal antigen test of throat swabs for bacterial pharyngitis. Other examples of useful antigen assays include cryptococcal antigen detection in serum and cerebrospinal fluid in both immunocompetent and immunocompromised patients, and galactomannan antigen which is a surrogate marker for invasive aspergillosis, usually in immunocompromised individuals.
Antigen testing can provide rapid results -the S. pneumoniae antigen test can be completed within 15 minutes. Many of these tests have very good specificity. For example, a positive group A streptococcal antigen from a throat swab can allow targeted treatment if indicated and obviate the need for culture. Unfortunately, these tests often lack sensitivity in comparison to traditional culture methods and particularly compared to nucleic acid amplification tests. Their usefulness therefore often lies in enabling rapid diagnosis, rather than excluding clinical infection.
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DIAGNOSTIC TESTS
PCR tests in a syndromic panel, are revolutionising the modern medical microbiology laboratory. They have enabled or simplified many difficult diagnoses, improved turnaround times and been adapted to allow high-throughput testing. This area will continue to expand and may even replace many traditional culture methods in the future. The optimal use of these diagnostic tests requires recognition of their limitations and judicious use of supporting clinical and laboratory evidence (including culture-based methods). When questions arise regarding the choice or interpretation of non-culture-based diagnostics, it is advisable to liaise with your local laboratory.
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positive results, laboratories invariably confirm initial positive N. gonorrhoeae results using a second independent assay. 3, 4 This increases the positive predictive value of the reported positive result.
For many pathogens, it is important to pair nucleic acid amplification testing with traditional culture methods for additional information regarding antimicrobial susceptibility, microbial virulence and epidemiology. Currently, these cannot be determined by most molecular assays. 5 For example, around 33% of all notified N. gonorrhoeae cases were diagnosed by culture, allowing antimicrobial susceptibility to be performed. With the introduction of faecal bacterial enteropathogen testing (Campylobacter, Salmonella, Shigella) the same concerns around availability of isolates for typing and susceptibility are surfacing.
Nucleic acid amplification testing has limitations when applied to organisms that potentially form part of the normal human flora (either transiently or permanently). For example, Clostridium difficile may be present in the bowel without causing illness. Its detection alone does not necessarily indicate a disease state, 6 and a positive result in the wrong clinical context can lead to inappropriate diagnosis and therapy.
Nucleic acid is generally robust, so amplification testing on blood and other specimens (including skin swabs, urine, genital swabs, throat swabs, nasopharyngeal swabs, tissue aspirates) are usually stable at room temperature for 24 hours. If processing is delayed, samples should be refrigerated at 4° C. Dedicated samples for nucleic acid amplification testing are desirable to reduce the risk of contamination. Swabs in bacterial transport medium (Amies and Stuarts) may be inhibitory for nucleic acid amplification testing. Dry dacron-tipped or flocked swabs are the preferred sample type. Universal swabs suitable for all types of testing will become routinely available, although it is best to liaise with the local pathology laboratory regarding the preferred specimen types.
Conclusion
Non-culture-based diagnostic methods, particularly nucleic acid amplification tests, often as multiple
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Fig. Immune response with primary and secondary dengue infections
Dengue NS1 antigen appears first during infection, along with a positive PCR result. Dengue-specific IgM follows, and corresponds with the disappearance of NS1 antigen and a negative PCR result. This is followed by the appearance (primary infection) or rise (secondary infection) of dengue-specific IgG. 
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